Two clay minerals, a dioctahedral, Na-montmorillonite from Wyoming and a trioctahedral, synthetic Na-laponite, were exchanged by cupric (Cu(II)) ions and subsequently heated at 100 ~ intervals up to 500 ~ The resulting materials were analyzed by chemical analysis, X-ray diffraction (XRD), cation exchange capacity (CEC) measurements, combined thermogravimetric and differential thermal analysis (TGA-DTA), infrared (IR) spectroscopy, electron paramagnetic resonance (EPR) and X-ray photoelectron spectroscopy (XPS). Montmorillonite exhibits a well-known Hoffmann-Klemen effect in that, when heated, cupric (Cu) ions migrate into the lacunae of the octahedral sheet, where they compensate the negative charge deficit of the clay layer. In the case of laponite, CEC measurements and spectroscopic measurements reveal that Cu ions migrate into the octahedral sheet where they replace Li and Mg ions. After heating at 200 ~ approximately half the interlayer Cu ions are exchanged. The exchange appears to be 1 Cu for 1 Li, resulting in a slight decrease of the negative charge of the layer. After heating at 300 ~ the remaining Cu ions are exchanged by either 1 Mg or 2 Li, which does not result in any further charge reduction. At 400 ~ some of the extracted Mg remigrates into the structure and exchanges some Li (1 Mg for 2 Li). The final product at 400 or 500 ~ is then a Li-laponite with Cu(II) in the octahedral sheet.
INTRODUCTION
Upon heating of dioctahedral smectites with octahedral charge deficit around 200-300 ~ small interlayer cations leave their interlamellar position to migrate into the structure. This corresponds to the wellknown Hofmann-Klemen effect (Hofmann and Klemen 1950) , which is the basis of the Greene-Kelly test (Greene-Kelly 1953 , 1955 used to differentiate mont-moriUonite from beidellite. There is still much debate about the precise location of these cations after their migration: 1) migration of interlayer cations into vacant octahedral sites and 2) migration of interlayer cations into the bottom of the hexagonal cavities of the tetrahedral layer (Calvet and Prost 1971; McBride and Mortland 1974; Brindley and Lemaitre 1987; Alvero et al. 1994; Heller-Kallai and Mosser 1995) .
In the present study, we compared a dioctahedral mineral, montmorinonite, with a trioctahedral one, laponite. Because of its structure, after heating, interlayer cations of laponite should not migrate any further than the bottom of the hexagonal cavity; whereas, for montmorillonite, the cations could migrate towards the octahedral vacancies. We chose to study the migration of Cu(II) because Cu ions are excellent probes, as their local environments can be monitored accurately by EPR spectroscopy and should allow distinguishing between the 2 types of sites.
Both minerals were Cu-exchanged and heated subsequently to 500 ~ in steps of 100 ~ The samples were then studied by XRD, CEC measurements, thermal analysis and diffuse reflectance IR, XPS and EPR spectroscopy.
MATERIALS
Two different clay minerals were used in this study. Laponite is a synthetic hectorite sample provided by Laporte Adsorbents (Widnes, Cheshire, United Kingdom). Its structural formula determined from chemical analyses is Si8(Mgs.45Lio.55)O20(OH)4Nao.55 and the sample contains approximately 1% of sodium carbonate (Na2CO3) (Cases et al. 1981) . Wyoming montmorillonite (sample SWy-1) was obtained from the Clay Minerals Source Repository, University of Missouri. It was purified before use by sedimentation in order to eliminate coarse fractions (quartz and carbonates) and exchanged 3 times in NaC1 1 M to ensure homoionicity. After purification and washing in water, chemical analyses yielded the following structural formula, which can be written as (Si7.96A10.04)(m13.12Mg0.4sFeIIoA6 FenI0.27)O20(OH)4Nao.65. The starting laponite will be referred to as "Lap-Na" and the starting montmorillonite as "Mont-Na".
Both clays were Cu-exchanged using the following procedure: 40 g of clay was dispersed in 1 L of 0.5 M copper sulfate. The exchange procedure was carried out 3 times. After exchange the clays were washed 7 times in demineralized water, and the final suspensions 
IR Spectroscopy
Diffuse reflectance IR spectra were obtained on a Bruker IFS 88 Fourier transform IR spectrometer equipped with a mercury-cadmium-telluride (MCT) detector and a diffuse reflectance accessory (Harrick Corporation). Seventy milligrams of sample was diluted in 370 mg of KBr and 200 scans were recorded at a resolution of 4 cm -1.
were freeze-dried. The 2 samples obtained will be referred to as "Lap-Cu" and "Mont-Cu".
Then 1.5 g samples of Lap-Cu or Mont-Cu were heated in a programmable oven at 100, 200, 300, 400 and 500 ~ The temperature ramp was always 1 ~ min and the final temperatures were maintained for 6 h. In the case of Mont-Cu, 1 additional sample was maintained at 500 ~ for 24 h.
METHODS

Chemical Analyses
Chemical analyses of the samples were performed at the Centre de Recberches P6trographiques et G6ochimiques (CRPG) in Vandoeuvre les Nancy, France, by inductively coupled plasma (ICP) measurements on a Jobin Yvon 70 quantometer.
CEC Measurements
The CECs of all samples were determined by exchanging the cations with the cobaltihexamine ion [Co(NH3)6] 3+ (R6my and Orsini 1976) . Clay samples of 400 mg were dispersed in 40 mL of a 0.05 M cobaltihexamine solution. The suspension was stirred for 2 h and centrifuged twice. The equilibrium concentration of the supernatant in cobaltihexamine was determined colorimetrically (Co absorption band at 473 nm) on a UV-visible spectrometer (Simadzu UV 2100) that yields the CEC. Concurrently, the supernatant was analyzed by atomic absorption to determine the kind and quantity of the exchanged cations. XRD X-ray diffraction patterns were obtained on powdered freeze-dried samples at CRPG. The apparatus used was a Jobin Yvon Sigma 2080 diffractometer with CuKtx 1 radiation.
EPR Measurements
The EPR spectra were obtained at 293 K with an X-Band Briaker ER 200 spectrometer using randomly oriented powders in air-dried and water-soaked conditions (Mosser et al. 1990 ). Dry samples were inserted into quartz tubes and samples that were soaked in water for 48 h were measured in a flat glass cell.
XPS Measurements
The XPS spectra were recorded on a CAMECA-RIBER NANOSCAN 50 apparatus equipped with an A1Ket source and a MAC 2 analyzer that was set at 1 eV energy resolution. The clays were dispersed in distilled water by ultrasonic treatment. A drop of that dispersion was placed onto a disk of 2-cm refractory vitreous carbon, air-dried and analyzed by XPS spectroscopy. The measurements were carried out after photoreduction times of 15 min, 2 h and 4 h according to the procedure described by Mosser et al. (1992) . Indeed, it was shown that photoreduction effects can differentiate structural Cu locations in clay minerals.
Auger parameters were determined as well. The Auger parameter is defined as the difference in binding energy between the photoelectron and Auger lines. As static charge corrections cancel, this difference can be determined accurately. Auger parameter is very sensitive to the chemicai state of the analyzed element, higher values being indicative of higher oxidation states.
RESULTS
X-ray Diffraction
Powder XRD patterns of laponite ( Figure 1 ) exhibit very broad 001 reflections regardless of the interlayer cation and heating temperature. The d(001) values obtained from these spectra are very approximative, as they correspond to the higher-angle value of the broad shoulder observed. The data reported in Table 1 and Vol. 45, No. 6, 1997 Cation migration in heated Cu-montmorillonite and Cu-laponite For montmorillonite, the situation is quite different, as the 001 reflections are well defined. The starting Mont-Na presents a 001 reflection corresponding to a d-spacing of 12.6/~ under room atmosphere. It char-acterizes an interstratified system zero-layer hydratel-layer hydrate-2-1ayer hydrate (Cases et al. 1992; B6rend et al. 1995) . After exchange with Cu the 001 reflection of Mont-Cu is located at 12.26 ,a, and is much sharper, which reveals the presence of a nearly homogeneous l-layer hydrate state. The evolution of the d(001) with temperature is presented in Table 1 . The d-spacing drops drastically to a value of 9.9/~ at 200 ~ revealing a quasi-complete dehydration of the interlayer cation. It then decreases regularly with increasing temPoerature. After heating at 500 ~ it is located at 9.5 A.
CEC Measurements
The evolution of the CEC with Cu exchange and subsequent heat treatment at various temperatures is presented in Table 2 for montmorillonite and Table 3 for laponite. The composition of the interlayer determined from the analysis of the supernatant after exchange with cobaltihexamine is also presented.
The CEC of Mont-Cu remains the same as in the starting Mont-Na. Nearly all of the Na has been ex-changed, as Cu represents 95% of the total milliequivalents. The CEC decreases drastically when the sample is heated to 200 ~ (Mont-Cu 200 ~ as it is equal to 20 meq/100 g. For higher temperatures, the CEC remains constant at 10 meq/100 g. This behavior is consistent with a classical Hofmann-Klemen effect as if, upon heating, dehydrated Cu migrates toward the lacunae of the octahedral layer through the hexagonal cavity formed by the arrangement of the silica tetrahedra.
The behavior of laponite is quite different as, upon Cu exchange and freeze-drying, the CEC decreases from 80 meq/100 g (Lap-Na) to 45 meq/100 g (Lap-Cu) ( Table 3) creases to ~35 meq/100 g, the amount of exchangeable Cu diminishes and Li appears in the interlayer. Above 200 ~ there is no more exchangeable Cu and the amount of Li increases while the CEC remains constant around 35 meq/100 g. As chemical analyses of Lap-Cu reveal the absence of Na and a high copper content (4.74%), the CEC decrease observed upon Cu exchange is likely due to the selective dissolution of the octahedral sheet with regard to the tetrahedral sheet upon exchange in the acidic (pH ~ 4) copper sulfate solution. The presence of small amounts of Mg in the solution confirms this mechanism as it shows that some Mg from the octahedral sheet has been released from the clay layer. Furthermore, a similar behavior was observed by Kreit et al. (1982) in the case of a natural Na-hectorite stirred 3 times in 10 -4 N salt solutions (Na, Li, Mg or Ca-chlorides) which exhibited a 40% CEC decrease. The high Cu content suggests that some surface-induced hydrolysis has occurred, resulting in nonexchangeable Cu species. This was also observed by McBride (1982) in his study of Cu-hectorite. The presence of nonexchangeable surface species is confirmed by the XRD patterns obtained at high temperature (400 and 500 ~ which exhibit very small amounts of copper oxides. These hydrolyzed Cu species are not present on montmorillonite, as evidenced by the studies of Stadler and Schindler (1993) . They show that for pH -< 4, most of the Cu adsorbed by montmorillonite is exchanged Cu(H20)62+.
Thermal Analysis
The TGA curves corresponding to Mont-Na, Mont-Cu, Mont-Cu 200 ~ and Mont-Cu 500 ~ are presented in Figure 2 . The curve corresponding to Mont-Na exhibits a first weight loss between 25 and 100 ~ corresponding to the loss of physisorbed water and of the first water molecules bound to the sodium cation. Between 100 and 580 ~ the last water molecules surrounding the cation are eliminated and the dehydroxylation of the structure might start occurring. Around 600 ~ a sharp weight loss corresponds to the dehydroxylation of the structure. In the case of Mont-Cu, the weight loss corresponding to the first dehydration of the interlayer cation is shifted towards higher temperatures, revealing the stronger interaction between Cu and the water molecules. The weight loss between 200 and 580 ~ is also more important. The dehydroxylation temperature is nearly unaffected by the nature of the interlayer cation. After heating at 200 ~ there is a weight loss corresponding to the elimination The DTA curves are presented in Figure 3 . In the low-temperature range, the DTA reveal the same trends as the TGA measurements. The dehydration of Mont-Cu is shifted towards higher temperature with respect to the starting Mont-Na. The main dehydroxylation around 650 ~ is unaffected by the Cu exchange. On the Contrary, the pattern of the endothermic peak immediately followed by an exothermic peak indicating recrystallization around 850 ~ is modified upon Cu exchange as the phenomenon is much sharper in the case of Mont-Cu. This change in the recrystallization reaction reveals a different composition of the octahedral layer, after Cu exchange and heating. The preheating does not have any effect as Mont-Cu, Mont-Cu 200 ~ and Mont-Cu 500 ~ exhibit exactly the same pattern in this range.
The TGA curves obtained for Lap-Na, Lap-Cu, Lap-Cu 200 ~ and Lap-Cu 500 ~ are presented in Figure 4 . The total amount of water lost is always higher than in the case of montmorillonite. This is likely due to freeze-drying. Indeed, laponite particles are much smaller than montmorillonites and can form a network enclosing various pores upon freeze-drying. The behavior is also different from what was observed in the case of montmorillonite. Indeed, the dehydration temperature is not affected by the Cu exchange, as roughly the same amount of water is lost by Lap-Na, Lap-Cu and Lap-Cu 200 ~ Only after preheating at 500 ~ the amount of hydration water is diminished. The presence of hydration water reveals the same trends as the CEC measurements, that is, the interlayer space is still partially available. The dehydroxylation temperature seems unaffected. The corresponding DTA curves (not presented) exhibit the same trends as in the case of montmorillonite, that is, modifications in the high-temperature range (>650 ~ revealing changes in the composition of the octahedral sheet.
IR Spectroscopy
The IR spectra corresponding to Mont-Na and Mont-Cu are presented in Figure 5 . The main difference lies in the OH stretching vibrations corresponding to the hydration shell of the cations that are shifted toward lower wave numbers when Cu is the interlayer cation. The evolution of the IR spectra of Mont-Cu with heating is presented in Figure 6 for the range 4000-2200 and Figure 7 for the range 2200-600 cm 1. In the range 4000-2200 cm -1 ( Figure 6) , 5 main features can be noticed, for temperatures higher than 200 ~ 1) The bands corresponding to the stretching of OH groups belonging to the hydration shell of the interlayer cation nearly totally disappear, which confirms the TGA analyses. 2) The band at 3630 cm 1 corresponding to the stretching vibration of hydroxyl groups surrounded by 2 A1 (Farmer and Russell 1971; Poinsignon 1978) shifts towards higher wave numbers at 3644 cm 1. 3) A shoulder appears on the high-frequency side at 3695 cm-L 4) A shoulder at 3606 cm-: appears. This position seems to be related to the presence of Fe(III) (Farmer 1971; Poinsignon 1978) . 5) A band at 2338 cm -l, which can be assigned to liquid carbon dioxide, appears.
u')
In the range 2200-600 cm 1 (Figure 7 ), many changes of the spectra can be noticed, for temperatures higher than 200 ~ The deformation of OH groups belonging to the hydration shell of the interlayer cation around 1630 cm -~ are strongly diminished and shifted towards lower wave number at 1619 cm 1. The bands corresponding to the deformation of OH groups surrounded by Fe(III)-A1 (888 cm l) and Mg-Fe(III) (800 cm J) do not seem to be affected. On the contrary, the bands corresponding to the deformation of OH groups surrounded by A1-A1 (920 cm l) and Mg-A1 (850 cm-1), are shifted towards higher wave numbers at 940 and 870 cm -1, respectively. New bands appear at 820, 722 and around 680 cm -1. Concomitantly the bands corresponding to the Si-O-Si stretching vibrations at 1113 and 1025 crn 1 are shifted towards higher wave numbers at 1122 and 1045 cm -1. The same shifts can be noticed on the combination bands in the 1900-1700 cm -a region.
All these results suggest the presence of Cu(II) atoms in the octahedral layer of Mont-Cu as soon as the temperature is higher than 200 ~ This can be noted by the band at 3644 cm -1, which was already observed in synthetic cupriferous kaolinites (Petit 1990) and was assigned to Cu-OH stretching vibrations. For this study, this band could also result from a shift of the 3630 cm a A120 H band due to a more trioctahedral character. The band around 820 and 720 cm -1 could correspond to Cu-O-Si stretching vibrations, as observed in chrysocolle (Petit 1990 ); whereas the band around 680 cm -1 could be assigned to Cu-OH deformation vibrations. All the bands corresponding to OH surrounded by Fe(III) atoms are not affected by the presence of Cu, which suggests that Cu in the octahedral sheet is not located close to Fe(III) atoms. On The IR spectra corresponding to Lap-Na and Lap-Cu are presented in Figure 8 . There are very little differences between the 2 spectra except in the OH stretching vibration range, where the band at 3677 cm 1 corresponding to Mg3-OH is better defined in the case of Lap-Cu.
The evolution of the IR spectra of Lap-Cu with heating is presented in Figure 9 . As revealed by CEC measurements and TGA data, bands corresponding to the stretching and deformation of OH groups of hydration water are always present. The main feature of this spectra is the appearance for temperatures higher than 200 ~ of a band at 3650 cm i, which is likely to correspond to Cu-Mg2-OH or Cu-Mg-Li-OH vibrations revealing the presence of Cu atoms in the octahedral layer. Three features can be noted on these spectra: 1) The bands corresponding to Si-O-Si are affected by Cu exchange and subsequent heating. The band at 981 cm -1 shifts towards higher wave numbers at 996 cm -1. 2) A combination band at 1809 cm 1 appears for temperatures higher than 200 ~ 3) A very small band located around 830 cm -1 appears for heating temperatures of 400 and 500 ~ EPR The EPR spectra of Mont-Cu heated at different temperatures are presented in Figure 10 . Figure 10A corresponds to the dry samples and Figure 10B to the wet state (water soaked for 48 h). The signals around g = 4.4 to 4.5 correspond to octahedral Fe(III) atoms and those around g = 2 to Cu(II) atoms.
At all temperatures, the EPR spectra of the air-dried samples ( Figure 10A ) present an anisotropic signal with g = 2.05, revealing that Cu is in a restricted environment. When compared with Fe(III) octahedral signal at g = 4.53, it appears that the Cu signal, at 2.05, presents a progressive loss of intensity from 25 to 500 ~ which can be assigned to lattice relaxation effects (McBride and Mortland 1974; Heller-Kallai and Mosser 1995) .
From room temperature to 500 ~ the EPR signals of the 48-h water-soaked samples ( Figure 10B ) exhibit an evolution from isotropic (T = 25 ~ 100 ~ g = 2.15) to anisotropic (T = 300 ~ to 500 ~ g = 2.05). At 200 ~ both signals are present. The evolution of these EPR spectra show a transition between Cu in position reachable by water (g = 2.15) to positions that water molecules cannot reach (g = 2.05). At room temperature, Cu is located in the interlayer region and upon hydration will form Cu(H20)62+ species, which tumble rapidly at the surface. At 300 ~ the signal remains nearly isotropic, but is located at g = 2.05. Above 300 ~ the signal becomes anisotropic as in the case of air-dried samples. This shows a change in the symmetry of Cu and of its ligand sphere. It can be interpreted as the migration of Cu from the bottom of I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  t  J  I  I  I  I  J  I  I   0  4000  3500  3000  2500  2000  1500 The EPR spectra of Lap-Cu heated at different temperatures are presented in Figure 11A for the dry samples and in Figure 11B for the wet ones. No Fe(III) is present in the structure and only the Cu(II) signal around g = 2 can be observed.
With increasing temperature, the EPR spectra of the air-dried samples ( Figure 11A ) exhibit an evolution from anisotropic (T = 25 ~ 100 ~ g = 2.05 with a perpendicular and a parallel component) to isotropic (T = 300 ~ to 500 ~ g = 2.05). It shows a change in the location of Cu, the isotropic signal resulting from magnetic interactions as Cu come close to each other.
The EPR spectra of the 48-h water-soaked samples (Figure l lB) change with increasing temperature. At 25 ~ the signal is mainly isotropic at g = 2.15 with a width of 118 G. Small shoulders at g = 2.33 and g = 2.05 can be observed. This reveals at least 2 positions for Cu. The most important one generates the isotropic peak at g = 2.15 and can be assigned to Cu in interlamellar position surrounded by water molecules. The second signal barely visible (shoulders at g = 2.33 and g = 2.05) corresponds to Cu in restricted position not influenced by surrounding water molecules. It can be tentatively assigned to the nonexchangeable Cu species suggested by the CEC and chemical analyses and observed by XRD. At 500 ~ an isotropic signal at g = 2.05 with a width of 430 G can still be observed. Cu is in positions where it cannot be reached by water (g = 2.05). The widening of the signal from 118 G at 25 ~ to 430 G at 500 ~ reveals a strong magnetic interaction due to Cu clustering. CEC measurements showed that, at this temperature, Li was the main component present in the interlayer space whereas there was no Cu in exchangeable position. This could mean that Li was in clustered octahedral positions in the starting synthetic laponite. At 200 ~ 2 signals at g = 2.05 and g = 2.15 can be observed. This corresponds to the beginning of the migration of Cu into the structure, at least near the OH position at the bottom of the hexagonal cavity. The relative intensity of shake-up satellites is useful in identifying the chemical state of Cu (Wagner et al. 1978) . With O ligands, copper presents well-defined shake-up satellites when in Cu(II) state and none when in reduced (Cu(I)) state. Table 4 presents, for 3 photoreduction times (15 min, 2 h and 4 h), the relative intensities of shake-up satellites versus Cu 2p 3/2 (in arbitrary units) for Mont-Cu and Lap-Cu at room temperature and heated at 200 ~ and 500 ~ At room temperature, Lap-Cu presents low relative shake-up intensities for the 3 photoreduction times At room temperature, Mont-Cu exhibits low relative shake-up intensities for the 3 photoreduction times (0.20-15 min, 0.12-2 h, 0.12-4 h) revealing, as in the case of Lap-Cu, the presence of Cu in the interlayer region. At 200 ~ higher relative intensities (0.32, 0.36 and 0.36) are observed for the 3 photoreduction times, which is also the case at 500 ~ with even higher values (0.50, 0.42, 0.56). The absence of any pho- Table  5 ). The measurements were performed after 5 h exposure to the X-ray photoelectrons for laponite and after 10 h for montmorillonite. Therefore, the values obtained for the 2 minerals cannot be exploited directly and only relative variations can be compared.
For Lap-Cu, the Auger parameters are the same (1847.3 and 1847.4) for the room temperature and 200 ~ samples and higher (1850.0) for the 500 ~ sample. These values reveal an octahedral position for Cu at 500 ~ and a less-bonded situation, probably closer to the interlamellar region, for Cu at room temperature and 200 ~ For Mont-Cu, the Auger parameters are the same (1847.6 and 1847.2) for the 200 ~ and 500 ~ sampies, and lower (1845.8) for the room temperature sample. The lower value is coherent with an interlamellar position, whereas at higher temperature, Cu becomes more firmly bonded to structural ligands. This occurs at lower temperatures than for Lap-Cu.
DISCUSSION
The case of Cu-exchanged montmorillonite does not deserve much discussion, as its behavior upon heating appears rather classical. All the employed techniques show that Cu is located mainly in the interlayer space for temperatures --<200 ~ Its hydration shell diminishes with temperature. For temperatures >200 ~ Cu migrates into the octahedral lacunae, where they saturate the charge of the sheet. The remaining CEC is very small and is likely due mainly to charged sites on the edge of the montmorillonite sheets and to the few tetrahedral substitutions present in natural Wyoming montmorillonite. Two structural facts can, however, be derived from the infrared spectra: 1) all the bands corresponding to hydroxyl groups surrounded by Fe are not affected by Cu exchange; 2) the presence of a band around 690 cm 1 observed in chrysocolla corresponding to ~ Cux-OH vibration suggests the presence of neighboring Cu-Cu in the octahedral sheet (Petit et al. 1995) . This can also be observed on the EPR spectra, which exhibit a widening of the signal. This could reveal a certain amount of clustering of Cu atoms in trioctahedral domains. This type of behavior was also observed by extended X-ray absorption fine structure (EXAFS) in the case of heated Ni-exchanged montmorillonite (Besson et al. 1990 ).
In the case of Lap-Cu, the phenomena involved upon Cu exchange and subsequent heating appear more complicated. Cu exchange first provokes an hydrolysis of the starting Lap-Na, resulting in a loss of approximately 40% of the CEC. At 200 ~ the CEC measurements reveal that, per 100 g of clay, out of the starting 17.6 mmol of exchangeable Cu (at 100 ~ only 8.3 remain exchangeable. The 9.3 lost are "replaced" by 7.9 mmol of Li and 1.2 mmol of Mg, resuiting in a CEC loss of 8 meq/100 g. The IR-barely visible band at 3650 cm -1 (Figure 9 ), XPS and EPR measurements reveal that nonexchangeable Cu is not located in structural position only, at this temperature. It seems that it could be partially sitting at the bottom of the hexagonal cavity. At 300 ~ the remaining 8.3 mmol of exchangeable Cu are migrating from the interlayer and are "replaced" by 3 mmol of Mg and 12 mmol of Li, resulting in no further CEC decrease. In that case, a band at 3650 cm 1 starts being more important on the IR spectra (Figure 9 ), whereas EPR resuits reveal that Cu atoms cannot be reached by water molecules (Figure lib) . Therefore, Cu atoms are mainly located in structural positions. This is even more obvious after heating at 400 or 500 ~ At 400 ~ another phenomenon is suggested from the CEC experiments. The composition of the interlayer space changes as the amount of Mg decreases, whereas the amount of Li increases. It therefore seems that Mg ions, as Cu ions, can remigrate into the structure to replace structural Li ions. In both cases, Cu between 200 and 300 ~ or Mg between 300 and 400 ~ 1 divalent ion is replaced by 2 monovalent ions, which does not affect the overall charge of the layer.
All these results show that, for a trioctahedral clay mineral such as laponite, structural replacements in the octahedral layer can occur at relatively low temperatures (300 to 500 ~ These transformations mainly affect the substituting atom, such as Li, but seem to also affect the main component of the octahedral sheet, Mg. The substituting atom, whether it is Cu or Mg, likely accesses the octahedral sites through the hexagonal cavity formed by the arrangement of silica tetrahedra in the tetrahedral layer. The fact that both Mg and Cu exhibit the same behavior suggests that many other divalent cations could be accommodated in the octahedral layer, resulting in very variable compositions. It would certainly be interesting to study the location of the new divalent cations of the octahedral layer using local probes such as EXAFS to see whether there is a tendency to clustering as suggested by EPR.
